A Szilagyi. Altered colonic environment, a possible predisposition to colorectal cancer and colonic inflammatory bowel disease: Rationale of dietary manipulation with emphasis on disaccharides. Can J Gastroenterol 1998;12(2):133-146. A recurrent theme in the schema of pathogenetic mechanisms attributed to colorectal cancer (CRC) and inflammatory bowel disease (IBD) is the interaction between genes and environment. Dietary and other environmental factors, and lower intestinal flora and their chemical interactions occur in the pathogenesis of both. Events at the mucosal surface may be influenced by factors in the luminal environment and by contributions of the host. In addition, both forms of IBD -Crohn's disease (CD) and ulcerative colitis (UC) -have distinctive associated host events. Even within CD and UC, different clinical patterns and prognoses may have different specific host mechanisms. Some of the current putative pathogenetic processes in CRC and IBD are reviewed. Particular attention is given to hypotheses relating to the role of dietetic substances, mainly fibre and dairy products, and how they may affect disease formation. It is argued that within the context of hypotheses proposed for possible beneficial effects of these two dietetic factors, CRC and IBD may be considered together. Further support is lent to arguments that similar and additional hypothetical features ascribed to beneficial effects of fibre may be attributed to disaccharides, lactose and its derivatives, lactulose and lactitol. Events at the mucosal surface may be influenced by factors in the luminal environment and by contributions of the host. Such molecular abnormalities concerning mucus production or type of mucus (1,2), protective goblet cell-derived trefoil peptides (3), heat shock proteins (1), nitrous oxide (4) and intestinal enzyme production (5) can be driven by either luminal (colonic environment) or host factors. Right-sided, left-sided and rectal cancer (CA) may be associated with different etiological and epidemiological factors (6-8). In addition, both forms of IBD -Crohn's disease (CD) and ulcerative colitis (UC) -have distinctive associated host events. Even within CD and UC, we surmise that different clinical patterns and prognoses may have different specific host mechanisms. In both CRC and IBD, genetic alterations may involve germline mutations (9-12). Somatic alterations may be involved in CRC (12,13), and there may be human leukocyte antigen (HLA) II-dependent alterations with major influences on the immune response in IBD (1).
Altération du milieu colonique, prédisposition possible au cancer rectocolique et à la maladie inflammatoire de l'intestin : raison d'être de la diétothérapie avec accent sur les disaccharides RÉSUMÉ : L'un des thèmes qui reviennent souvent lorsqu'on aborde les mécanismes pathologiques du cancer rectocolique (CRC) et la maladie inflammatoire de l'intestin (MII) est l'interaction entre les gènes et le milieu. Certains facteurs diététiques, d'autres facteurs liés au milieu, la présence d'une flore intestinale moindre et les interactions chimiques entre tous ces facteurs contribuent à la pathogenèse des deux. Les lésions superficielles de la muqueuse peuvent subir l'influence de facteurs du A recurrent theme in the schema of pathogenetic mechanisms attributed to colorectal cancer (CRC) and inflammatory bowel disease (IBD) is the interaction between genes and environment. Variables such as geographic location, urban or rural setting and shifting economics appear to be important in both diseases. Dietary and other environmental factors, and lower intestinal flora and their chemical interactions occur in the pathogenesis of both. Events at the mucosal surface may be influenced by factors in the luminal environment and by contributions of the host. Such molecular abnormalities concerning mucus production or type of mucus (1, 2) , protective goblet cell-derived trefoil peptides (3), heat shock proteins (1), nitrous oxide (4) and intestinal enzyme production (5) can be driven by either luminal (colonic environment) or host factors. Right-sided, left-sided and rectal cancer (CA) may be associated with different etiological and epidemiological factors (6) (7) (8) . In addition, both forms of IBD -Crohn's disease (CD) and ulcerative colitis (UC) -have distinctive associated host events. Even within CD and UC, we surmise that different clinical patterns and prognoses may have different specific host mechanisms. In both CRC and IBD, genetic alterations may involve germline mutations (9) (10) (11) (12) . Somatic alterations may be involved in CRC (12, 13) , and there may be human leukocyte antigen (HLA) II-dependent alterations with major influences on the immune response in IBD (1) .
This article reviews some of the current putative pathogenetic processes in CRC and IBD. Particular attention is given to hypotheses relating to the role of dietetic substances, mainly fibre and dairy products, and how they may affect disease formation. It is argued that within the context of hypotheses proposed for possible beneficial effects of these two dietetic factors, CRC and IBD may be considered together. We also lend further support to arguments that similar and additional hypothetical features ascribed to beneficial effects of fibre may be attributed to disaccharides, lactose and its derivatives, lactulose and lactitol. It is the goal of the review to provide a framework on which to build potential clinical trials to test such a hypothesis.
EPIDEMIOLOGY OF CRC AND IBD
The distribution of CRC, CD and UC generally follows, with some exceptions, a pattern of low prevalence and incidence in countries near the equator (eg, low CRC rate in Finland and high CRC rate in Singapore) (Table 1) (7, 14, 15) . Rates of CRC tend to increase among immigrants going from low risk to high risk areas (7) , and decrease in those migrating from high risk to low risk areas (16) . A similar pattern sometimes occurs in IBD (15, 17, 18) , although it is less often reported. Within countries there is also a variation from rural to urban centres such that urbanization increases rates of CRC (7) and possibly IBD (14) . In Japan, a country with formerly a low incidence and prevalence of both CRC and IBD, increasing disease rates have been more recently reported (8, 15) . There has been an overall rise in the incidence of CRC in North America, comprising a modest decrease in Caucasians but a more dramatic rise among African Americans (5) . Similarly, in North America there has been increasing rates of CD but a relatively steady rate of UC (14, 15 ).
An interesting observation was made on rates of IBD in Jewish patients in Los Angeles. There was a disproportionate number of subjects whose origins were from middle Europe (roughly corresponding to Romania and the former Czechoslovakia) (19) . Independent observers also reported a high incidence of CRC among descendants (ethnicity not specified) of Bohemia Moravia living in the midwestern United States (20) . In addition, the Jewish population is also thought to have an increased risk of CRC (16) .
Although the epidemiological relationship between CRC and IBD could be coincidental, coinheritance of a genetic predisposition or exposure to environmental agents in early life could also explain such a coexisting source. In either case, geographic variation and parallelism in rates with progressive industrialization suggest influence of environmental factors. A comparison of conceptual pathogenetic differences between CRC and IBD is shown in Table 2 . PATHOGENESIS OF CRC CRC may be regarded as the end result of a progressive increase in colonocyte proliferation and loss of cellular control due to complex interaction among promoters and inhibitors (21) . Different stages in development can be traced from expanded DNA synthesis and subsequent migration of proliferative zones in crypts as described by Lipkin (22) . Occasionally foci of aberrant crypts are seen as sources of dysplasia but most cases of CRC arise in western cultures through adenoma carcinoma sequence (21) . Where flat cancers of the colon, as described from Japan, fit into current postulates of CRC formation and whether they exist in western populations are not clear (23) .
The entire colonic mucosa in patients with adenoma (24) or familial polyposis syndrome (25) is in a state of hyperproliferation. In rats, increasing colonic proliferation is seen with ageing (26) . A similar explanation may contribute to the steep rise in CRC observed after the age 50 years in humans. Each stage is accompanied by distinct chromosomal aberrations as described by Fearon and Vogelstein (12) and Vogelstein et al (27) although the total accumulation of mutations is most important. The process may be hastened in familial adenoma cases that have a left-sided predominance of cancer formation (6) .
Other germline mutations in mismatch repair genes are the cause of right-sided lesions in hereditary nonpolyposis colorectal cancer (HNPCC) syndrome (28) . In these cases there is a predominance of right-sided lesions. However, the presence of such mutations is not an invariable predictor of carcinoma formation. Some 20% of documented subjects with HNPCC do not develop cancer by age 80 years (29) . Thus, in these latter two conditions -hyperproliferation and germline mutations -which represent about 5% to 7% of all CRC, a very high likelihood of cancer formation is inherited. An additional 15% to 20% of those with sporadic CRC may also have a genetic predisposition (28) . Such sporadic genetic influence may follow a pattern of site-specific cancers similar to nonsporadic cases (6) .
In low prevalence areas, right-sided disease predominates, while in regions of high endemicity and industrialization left-sided disease is more common, with a steady shift to more proximal locations. Left-sided cancers may be more affected by diet than right-sided cases, as was recently suggested by Liberman and colleagues (30) . In their study, rats fed a mixture of foods usually eaten by adenoma patients showed increased left-sided colonocyte proliferation. A recent Finnish study suggested that genetic polymorphism of apolipoprotein E, particularly the E4 phenotype, may be protective against right-sided colon cancers (31) . Burkitt (32) popularized the observation that a diet high in insoluble fibre, as consumed by many rural Africans, may be protective against CRC and other colonic diseases. The original hypothesis linked increased fecal weights in Africans with protective influences. Indeed, more recently, low fecal weight was associated with a higher risk of CRC (33) . It was subsequently shown that diets high in animal fat and red meat are associated with increased risk of colon cancer (34, 35) . The effect of fat, however, depends on its type. For example, fish oils (36, 37) , olive oil (8, 35) and fresh fruits and vegetables are associated with a moderate protective effect (5). In fact, it is possible that many of the protective effects of high fibre diets are due to low fat, low meat or other antineoplastic agents found in fresh fruits and vegetables (5) .
Although the epidemiology of right-sided CA, left-sided CA and rectal CA may vary (8) , most studies do not differentiate the effects of various diets. Consequently, in this report the effects of diet on all three sites will be referred to, except where specifically indicated otherwise. The putative benefits of crude insoluble fibres are related to increased colonic transit, which diminishes contact time of preestablished or established carcinogens; dilution of possible carcinogens due to the high water holding capacity of undigested fibre; altered bacterial flora; altered fecal pH, which could precipitate bile salts or interfere with its metabolism; and enhanced production of short chain fatty acids (SCFAs) (38, 39) . These latter three effects will be further elucidated.
Initial efforts to determine why differences exist in CRC epidemiology examined the role of colonic microflora. Hill et al (40) proposed that environmental agents or bile salts are converted by bacteria into carcinogens. Different colonic flora were identified in low risk Africans compared with high risk westerners (41) . However, in the United States, no colonic flora differences were found between Seventh Day Adventists, who consume large numbers of vegetables, and others consuming a more typical western diet (42) . Bacteroides and other anaerobes together with increased fecal steroids have been reported in western subjects (41, 43, 44) , and these changes are accompanied by increased fecal betaglucuronidase (45) . The best example of the role of bacterial carcinogen formation was reported by Lacquer who showed that neutral cycasin is converted by intestinal bacteria to methylazoxymethanol, a carcinogen (7). Some subjects on a western diet were found to have mutagens in their stool (8) . More recently, the specific association of Streptococcus bovis with CRC (and possibly with adenomas) was described (46, 47) . In conjunction with a report of increased methane production in CRC patients, which decreases following resection (48), these observations lend credence to the possible role of bacteria to CRC initiation or promotion. The carcinogenic role of bile salts was also suggested by Hill and co-workers (40) who theorized that bacteria can convert deoxycholic acid to 20-methylcholanthrene, a carcinogen. Although this hypothesis has not been proven, the findings of, first, elevated deoxycholic acid levels in the serum of adenoma patients compared with controls (49) and, second, receptors for deoxycholic acid in cancerous but not normal tissue (50) suggest a pathogenic role of this bile salt in CRC formation. Moreover, increased steady exposure of colonic mucosa to bile salts, such as occurs after cholecystectomy, may enhance the risk of right-sided CRC (51). Experimentally it was shown that a high fat, low fibre diet in rats was associated with the highest risk of tumour formation after induction by azoxymethane. Low fibre diets were associated with the highest fecal bile acid concentrations, indirectly supporting the ability of fibre to lower fecal bile acids (52) . There is also evidence that fecal bile salts are correlated with adenoma size, colonocyte proliferative rate and activated protein kinase C (53) . This latter enzyme is thought to be an important regulator of colonocyte proliferation (54) . In addition, in mice, bile acids can lead to proliferation of microbes with mutagenic potential, leading to a favourable environment for cancer formation because hyperproliferative mucosa is more susceptible to the effects of mutagens (8) .
SCFAs (propionate, butyrate and acetate) are also products of bacterial metabolism of any undigested carbohydrate reaching the colon (39, 55, 56) . In particular N-butyrate has been found to be specifically and preferentially metabolized by colonocytes (57) . Capacity to metabolize this SCFA clearly is affected by bacterial presence (58) . The effect of butyrate has been variably reported to enhance (59, 60) or inhibit (61) colonocyte proliferation, particularly in cell cultures derived from neoplastic cells (62) .
A recent study (63) and editorial (64) helped to clarify confusion about the dual role of butyrate in normal and neoplastic colonocytes. Hass et al (63) reported that, in the absence of butyrate, significant apoptosis occurs in association with an elevation of Bax protein (a known inducer of apoptosis). An editorial by Hague et al (64) reviewed the available literature, noting that in carcinoma cell lines, butyrate inhibits proliferation and promotes colonocyte differentiation, which leads via bak protein to enhanced apoptosis. Several mechanisms for this seemingly dual effect were offered (64) .
The beneficial influence of fibre has not been easy to prove or disprove. Studies using animal have reported benefit (65) (66) (67) and no benefit (68, 69) . The theoretical benefits of a high fibre diet have also been difficult to prove in epidemiological studies. The reasons include different methodological approaches, the myriad potential social and cultural confounding factors and the probability that not all fibres are of equal benefit. A number of older studies showed either a weak inverse effect or no effect of fibre on CRC (8) . A Scandinavian study of brewery workers showed that CRC was prevented by a high fibre diet despite a fourfold increase in beer consumption compared with average beer consumers (70) .
CRC incidence is now rising in Japan. However, in the late 1970s CRC prevalence was low in Japan compared with western countries. Ironically, it was then reported that fibre intake was not different in Japan compared with Britain (71) . Indirect suggestion that fibre is inversely related to CRC is concluded from the following observations. Patients with diverticulosis, another fibre deficiency disease (32) , are at increased risk of colon cancer (72) . In addition, patients who have had polyps removed are found to be efficient starch absorbers, with about 50% less unabsorbed starch than nonpatients (73) .
Reasons for the different conclusions of studies on fibre and CRC include that different fibres have different effects (74) . For example, wheat bran, versus other types of bran, may reach the distal colon, providing more butyrate (75) . Also, the type of bran in breads was shown to influence bile acid saponification, with rye having the most efficient effect (76) , and there may be an inverse correlation between ease of fibre fermentability and its protection against CRC (77) . But, clearly, because of the variables mentioned above and the different putative effects of fibre, the association between fibre and CRC needs further clarification. Nevertheless, Read (38) states that a high fibre diet is probably beneficial. This opinion was also reinforced by a reanalysis of 13 case control studies confirming a strong negative association between diets that contain high fibre and cancer risk (78) .
PATHOGENESIS OF IBD
The putative mechanisms of the etiology and pathogenesis of IBD are very complex. Sartor (1) states that IBD represents "a progressive series of separate events from induction and perpetuation of inflammation with multiple immunoregulatory abnormalities and a final common pathway of tissue injury". As others have stated, the existence of multiple models, each of which reproduces features of IBD, argues that we are likely dealing with CD and ulcerative colitides in the pathogenesis of IBD. A historical perspective on IBD emphasizes the level of immunological controls in these diseases (79) . A number of reviews on the subject have been recently published (80) (81) (82) . Infectious agents that can mimic IBD (83-87) also emphasize that idiopathic colitides may still be caused by other unidentified agents.
There is an increased familial incidence of IBD that suggests a genetic predisposition (88, 89) . However, clustering of cases may also imply infectious etiology (90, 91) . The HLAII antigens DR2 in perinuclear antineutrophil cytoplasmic antibody (pANCA)-positive UC and DR4 in pANCAnegative cases are reported (92) , while in CD, HLADR1 and DQW5 are predominant, with others found as well (1, 81) . Occasionally pANCA-positive cases are found in CD (93) . The type of immunoregulatory dysfunction is related to UC and CD. Humoral mediated anti-inflammatory Th2 dysfunction predominates in UC, while pro-inflammatory Th1 cellular function is abnormal in CD (1). These immunological dysfunctions are accentuated by factors that regulate the barrier function of the intestinal mucosa. For example, increased permeability of mucosa may be found in CD patients and their family members (94) . There are also abnormal trefoil peptides in CD (3) and abnormal mucin in UC, both of which are products of goblet cells. The former may be abnormal in CD (3) while the latter may be abnormal in UC (95) .
Abnormalities in the normal protective mechanisms that separate the humoral contents from the host may be instrumental in either causing or perpetuating the disease and observed immunological activation. The search for specific pathogens has led to the elimination of most contenders except Mycobacterium paratuberculosis, Listeria monocytogenes and the measles virus (1). Perpetuation or relapses, however, have been associated with bacterial infections, childhood upper respiratory or enteric viral infections, or antibiotics (96) (97) (98) (99) (100) (101) .
Of 18 models reviewed by Elson et al (102), 11 tested the role of environmental factors and two probably variable interaction (102) . In all 13 models the resident microflorawithout a specific pathogen -may be involved in initiating or perpetuating disease. For example, the role of Bacteroides vulgatus in activating carageenin-induced colitis is one of the best examples of environmental microflora interaction (103). Johnson et al (104) reported the most comprehensive model to date using the cotton-top tamarin model of UC to demonstrate the interaction of environment and host. Cotton-top tamarins spontaneously develop an acute colitis resembling idiopathic UC in captivity and go on to develop CRC. Using three controlled environments and three experimental diets in each category (normal, high fat and high fibre) the authors showed that the development of acute colitis, progression and recurrence were environmentally related. Disease was least likely to occur in an isolated environment. However, no diet was protective against observed chronic colonic changes and progression to CRC.
Clinical studies examining microfloral differences in IBD showed several alterations in fecal cultures. A study comparing the mucosa-associated microflora of patients with the microflora of newly diagnosed UC patients, relapsed UC patients or those in remission from UC, found reduced obligate anaerobes during active disease. When these patients were treated, numbers of bifidobacteria, eubacteria, clostridia and lactobacilli approached levels found in those with quiescent disease (105) .
In CD, coliforms are increased and anaerobes are relatively unchanged (106) . In another study, fecal cultures of CD patients were found to have reduced bifidobacteria, but not bacteroides or lactobacilli (107) . The recurrence of CD after bowel resection reportedly depends on reestablishment of the fecal stream (108) , and this finding in particular supports the notion that bacteria or bacterial products are important in inducing or maintaining disease. Van de Merwe et al (109) even suggested that anaerobic Gram-positive cocci in family members of patients are indigenous and may predispose them to the development of disease. Moreover, antibiotics, both in experimental models (110) and in clinical practice, appear to be of benefit treating IBD (111, 112) .
SCFAs in UC have an interesting role. Roediger (113) initially hypothesized that colonocytes are in the starved state in UC. There is an increasing gradient from right to left of dependency on N-butyrate of colonocytes as fuel (113, 114) . However, in UC, even in remission, there is an abnormality of colonocyte utilization of butyrate (115) . This selectively predisposes colitis to begin or remain on the left side. In cotton-top tamarins and humans with UC there is an inverse relationship among more severe disease, fecal SCFA and fecal pH (116) (117) (118) . The low pH can also inhibit bacterial metabolism (119) . In addition, Roediger et al (120) proposed that the presence of hydrogen sulphide-producing bacteria contributes to inhibition of SCFA production.
Based on these findings a number of trials using either N-butyrate or a mixture of SCFA enemas have been reported (121) (122) (123) . The general trend is that SCFA are successful in improving clinical symptoms and histological scores.
A long term complication of either UC or CD colitis is the development of CRC. The risk is initially highest with long standing extensive UC, but the risk with distal UC catches up by the fourth decade (124) . The presence of sclerosing cholangitis may impose a further risk (125, 126) . This form of CRC is different from sporadic CRC only in that there is a more uniform colonic distribution and that regular polyps and flat areas with dysplasia occur (124) . Cancers arise at an earlier age than in sporadic cases. However, in other ways CRC in UC is similar to sporadic cases. Rectal biopsies from UC patients in remission show an expanded proliferative pattern compared with that in normals (127, 128) . Similar findings are observed after ileorectal anastomosis (129) . Whether a similar pattern occurs in Crohn's colitis is unclear because increased proliferation was not found in CD patients compared with adenoma or CRC patients (24) . Concentration of fecal bile acids was increased in both UC and CD patients (130, 131) , elevating the risk of CRC. In experimentally induced colitis, butyrate enemas reduced both azoxymethane-induced tumour formation and accompanying increased colonocyte proliferation (132) .
Genetic abnormalities in UC-related CRC occur in a manner similar to that in sporadic CRC. These abnormalities reflect both familial adenomatous polyposis and HNPCC chromosomal abnormalities and mismatch repair gene errors (133) (134) (135) . p53 abnormalities, which are normally late events in sporadic CRC, occur earlier in UC-related CRC than in sporadic CRC (136) .
The role of diet in causation or management of IBD remains unclear and controversial. Early studies on examining various nutritional components in CD found diminished fibre, decreased fresh fruit and vegetable intake and increased consumption of refined sugar in CD patients' diets (137) . Others found no change in fibre but increased sugar consumption (138) . High fibre and unrefined carbohydrate diet was reported to be beneficial in a small group of CD patients compared retrospectively with a group of matched controls (139) . However, this diet did not work in a small group of patients with UC (140) nor in a group of CD patients, compared with elimination diets (141) . Nonstenosing CD patients from Italy who ate a low residue diet fared no differently than a group of similar patients allowed to eat ad libitum (142) . Complete removal of food in active disease might heal CD if the primary insult were a food antigen.
In the 1970s and early 1980s, total parenteral nutrition was reported to be beneficial as primary treatment in CD patients with different anatomical locations (143) (144) (145) . However, the concept of bowel rest as being important for primary healing was dispelled by a study from Greenberg et al (146) . They showed that there was no statistically significant difference in comparing total or partial parenteral nutrition or defined formula diets with regards to remission rates. Relapses also occurred approximately equally in the groups. Nevertheless, such therapy may work in conjunction with standard medical treatment (147, 148) .
Elemental diets, particularly in children, have been shown to be more successful in maintaining remissions in CD (149, 150) and may serve an adjunctive role in UC (151) . Because elemental diets are more easily absorbed in the small bowel and are hypoallergenic, the implication is that whole protein may be instrumental in perpetuating inflammation or that elemental diets alter bacterial flora (150) . Studies on eliminating possible offending foods from diet in an effort to maintain remission have been published. A multicentre British study compared corticosteroids with an elimination diet. The study conducted over two years found a significant difference in clinical improvement and length of remission with diet versus corticosteroid therapy. From the clinical perspective the benefit was 17% in favour of the elimination diet (152) . However, in another study of CD patients only 12 of 80 patients (15%) had a double-blind rechallenge-proven food sensitivity. Those authors concluded that food sensitivity was of insufficient importance to test all subjects with this disease (153) .
Since the early 1990s polymeric enteral diets using whole proteins have been evaluated. These diets have also been found to be as effective as elemental diets in inducing remission (154). Anti-inflammatory diets rich in fish oil have been reported to improve corticosteroid response and clinical features of IBD (155) (156) (157) . The putative mechanism of effect is via inhibition of leukotriene B4 production. However, recent clinical trials using zileuton or another specific inhibitor of leukotriene were not successful as the sole therapy for UC (158, 159) . Cancer and dysplasia may be affected by folic acid supplementation, which improves hypomethylation. Methylation of nucleic acids is instrumental in DNA repair (160) .
DISACCHARIDES AND DAIRY PRODUCTS
Disaccharides can reproduce many of the biochemical effects attributed to a high fibre diet. The protective benefits of fibre are most clearly delineated in studies where dietary rather than supplemental fibres are evaluated (5). Although the observation raises the likelihood that other factors in fruits and vegetables are antiproliferative, the individual components attributed to fibre clearly still play a role in reducing abnormal colonic events.
Three disaccharides -lactose (glucose and galactose), lactulose (fructose galactose) and lactitol (galactoside glucitol) -may all have similar effects in the lower intestine. All three disaccharides are equally efficacious in treating hepatic encephalopathy (161) . With lactulose, cecal effluent and stool pH are decreased, while SCFAs are increased; colonic flora may be altered, although total aerobic or anaerobic species do not change quantitatively (162, 163) . In germ-free rats, effects induced by lactulose do not occur (164) . Furthermore, feeding encapsulated lactobacilli strains to hepatic encephalopathy patients also reproduces therapeutic effects (165) . These observations are important because they demonstrate the impact of all three disaccharides on microflora on a particular disease outcome. Most of the putative changes may also be relevant to possible therapeutic effects on CRC or colitis.
Florent et al (162) showed that, in human volunteers fed 20 g lactulose bid, cecal SCFAs increased, stool pH decreased and breath hydrogen measurements decreased. In addition, fecal beta-galactosidase levels rose significantly (162) . Continuous daily feeding of lactulose leads to increased fecal bifidobacteria and decreased levels of Clostridium perfringens and bacteroides (166) . As well, prolonged feeding of small doses of lactulose reduces the severity of symptoms when larger doses are administered (167) . The combined observation of decreased measured exhaled hydrogen and elevated fecal beta-galactosidase, coupled with salvaged calories (168) and micronutrient absorption (169) , is representative of colonic adaptation to maldigested carbohydrate that reaches the colon.
The same phenomenon is observed with continued lactose in the presence of lactose intolerance. Reports of improved symptoms to continued lactose consumption surfaced in the 1970s from different underdeveloped countries provided with milk powder by the United Nations (170, 171) . However, in the past decade the mechanism of colonic adaptation was further elucidated. Hertzler and Savaiano (172) recently reported that adaptation to lactose occurs rapidly within two weeks; these researchers felt that reduction in measured hydrogen was due to decreased production because of altered microbial flora. Emergence of bifidobacteria, which does not produce hydrogen, may account for reduced measured hydrogen (173) . Adaptation as defined herein can also occur in the absence of obvious disaccharide utilization. Recently, it was reported that colonic adaptation in subjects with short gut syndrome and retained colon occurred without associated dairy consumption (174) . Colonic adaptation also does not occur with every sugar. For example, there is no evidence of improvement in tolerance to fructose (175) .
Adaptation is thus associated with low fecal pH, increases in some SCFAs and altered microbial flora. These are similar to factors thought to be important in the benefits attributed to fibre. In fact, a protective effect of lactulose against colonic carcinogens has been described. The effect was attributed to decreased deoxycholate absorption, possibly via accelerated transit, and lowered fecal pH (176) . However, short term daily ingestion of lactulose also leads to decreased fecal beta-glucuronidase and other enzymes thought to be involved in carcinogen formation (166) . Lactose in lactose maldigesters likely mimics these changes. However, the only study comparing fecal SCFAs in lactose-tolerant and -intolerant subjects yielded varying results (177) . In that study, isobutyric and isovaleric acid (derived from maldigested protein) were increased in tolerant maldigesters. Although tolerant maldigesters consumed almost twice as much daily milk as intolerant subjects, the difference between the two groups was not statistically significant. Further, bacterial adaptation was not strictly evaluated, and the possible role of methanogenic bacteria, which reduce hydrogen production, could also have accounted for differences in tolerance (178) . Increased production of SCFA with increased absorption could also have been missed. This adaptive response of the colon to undigested carbohydrate may be beneficial in preventing a hyperproliferative mucosa. Because adaptation is clearly associated with change in microbial function or metabolism, it is reasonable to attempt to alter colonic flora as a primary event (Table 3) .
Efforts to alter colonic flora have recently been outlined by Marteau and Rambaud (179) . Fermented milk containing Lactobacillus acidophilus was shown to alter fecal bile acids significantly, particularly in those with colon cancer (180), as well as altering several enzymes such as nitroreductase and beta-glucosidase, which may be important in colorectal carcinogenesis (181) . When L acidophilus is fed to patients (by adding it to milk), the observed biochemical changes last four weeks (181) . However, beta-galactosidase was not increased in stool when fermented products are given (182) . Findings of similar benefit with bifidobacteria prompted Hertzler et al (173) to suggest that lactose-intolerant subjects be adapted to dairy consumption instead of withdrawal or modification. In view of the aforementioned findings, this suggestion seems reasonable and complements some earlier opinions on the usefulness of acidification of stool in lactose maldigesters (8, 183) . The putative effects of fibre, dairy and disaccharides on colonic environment are compared in Table 4 .
There is considerable debate about the role of dairy products in relation to CRC. The current basic problem is that there are at least two diametrically opposite components to consider. While high fat dairy products may be harmful, their high calcium content may be considered beneficial. Calcium is postulated to inhibit expanded colonocyte proliferation (184) and to reduce the colonization ability of pathogens (185) . Unfortunately, regarding a protective role of supplemental calcium in CRC formation, some studies report benefit (186,187) but others do not (188) (189) (190) . In the studies reporting benefit (186, 187) , the labelling index of proliferating colonic epithelium was reduced by dietary calcium supplements. Two of the three studies that found no benefit used supplemental calcium, and both were randomized and double-blind (188, 189) . The third study in that group showed no influence of supplemental calcium on rat colonocyte labelling index (190) .
More recently, the combined effect of calcium and phosphates on precipitating bile salts has been recognized (191) .
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Altered colonic environment, CRC, IBD and dietary manipulation (20, 34, 183, ) -18 case-controlled (20, 194, (196) (197) (198) (199) (200) 202, (205) (206) (207) (210) (211) (212) (214) (215) (216) (217) , eight cohort (34, 193, 195, 201, 203, 204, 208, 209) and three population surveys (183, 192, 213 ) -16 have shown odds ratios of less than 1 for some form of dairy consumption when evaluated for colon (194, 195, 198, (200) (201) (202) (203) , rectal (204) or colorectal (20, 183, 192, 193, 196, 197, 199) carcinoma or large adenoma (205) . Six of these studies achieved statistical significance (193, (196) (197) (198) 202, 205) ; however, four considered dietary calcium, vitamin D or milk, while two found significance for fermented products only (202, 205) . Eight of the studies showed no influence for dairy products, calcium or vitamin D effect (34, (206) (207) (208) (209) (210) (211) (212) . However, in one, yoghurt consumption was inversely but significantly associated with CRC (206) and in another, only adenomas were evaluated (209) . Five studies yielded an odds ratio of greater than 1 (213) (214) (215) (216) (217) ; it was statistically significant in three studies, for either dairy (215, 216) or dietary calcium (214) .
Boutron et al (205) suggested that there may be a threshold level of calcium that must be consumed to show inverse associations with CRC beyond which no further effect or even a direct association may be found. This group felt that, in temperate climates a deficiency of calcium intake is more likely and, therefore, an inverse association is more easily recognized. A similar sentiment was expressed regarding sun exposure and vitamin D ingestion in temperate, compared with equatorial, regions (185, 218) .
Another potential factor only alluded to by some authors (183, 205) is the distribution of study subjects who are genetically lactose maldigesters. Although not likely to be an important issue in studies emanating from areas of relatively homogenous populations in temperate climates, the proportion of genetically lactose maldigesters may be important in other studies emanating from areas with a more heterogeneous population. In particular, western diets that stress the importance of dairy products may influence their consumption even in some lactose maldigesters. In such subjects, the issue of colonic adaptation may become relevant. Furthermore, if such subjects do not consume quantitatively as much dairy products as the indigenous population and yet have a lower risk for CRC, differences between patients and controls can become obscured. Such a bias may have played a role in some studies emanating from areas with a heterogenous population (207, 211) . The influence of a low dairy consuming colonically adapted population could similarly bias studies showing direct association. Patients who are not lactose maldigesters may consume more dairy products habitually, preventing a fair comparison between cases and controls. As a result, such a bias may have affected three studies showing an increased risk for dairy consumption in countries closer to the equator (214, 215, 217) .
Studies on dairy foods and IBD are somewhat conflicting as well. A recent review by Mishkin (219) clearly summarized relevant data on dairy consumption and practices of dietary counselling in IBD. Some of the salient features will be reiterated here. In general, physicians often advise patients to avoid dairy products during an active phase of IBD. Many physicians may also recommend a diet reduced in dairy products during remission. The rationale for this recommendation is based on a number of studies showing poor outcomes when milk is not restricted. In 1961 Truelove (220) reported that milk can induce UC, possibly due to milk allergy, and later Wright and Truelove (221) found that about 20% of UC patients may be sensitive to milk. It was subsequently found that patients, especially those with CD, were less likely to have been breast-fed than controls, which suggested the development of an early sensitivity to milk products (222) . Indeed, pediatric IBD patients may be more symptomatic when there is a history of cow's milk sensitivity (223) , and there may be some relationship between elevated antibody levels and disease activity (224) , especially in CD (225) .
The other issue to consider regarding why dairy products may aggravate attacks of IBD is the role of lactose intolerance. More than 30 years ago Struthers et al (226) reported that lactose intolerance was increased in both UC and CD patients. Peña and Truelove (227) found a direct relationship between lactose intolerance and severity of UC, and Sciarretta et al (228) suggested such patients were more sensitive to lactose. Similar results were echoed more recently in a study from India (229). Pironi et al (230) reported an increased prevalence of lactose maldigestion in a group of Italian patients with CD compared with controls. Patients with intestinal resection were even more sensitive to lactose. Mishkin et al (231) found that although ethnic background accounted for most cases of lactose intolerance in both UC and CD, in patients with terminal ileal disease there was a higher incidence, independent of ethnic background. Another study from the same group later confirmed the observation (232) .
Others reported somewhat different outcomes. Kirschner et al (233) found no increased prevalence of lactose intolerance in children with either CD or UC compared with controls. Only diffuse small bowel disease was clearly associated regularly with lactose malabsorption. Busk and colleagues (234) reported no increased prevalence of lactose intolerance in a population of Danish UC patients. Bernstein et al (235) presented findings similar to those of Mishkin et al: in UC patients, age and ethnicity could account for lactose intolerance. Park et al (236) from Scotland observed that only two of 62 patients, of whom 70% had small bowel involvement, had hypolactasia. Lobley et al (237) examined the problem of lactose intolerance in IBD by a different method -from blood glucose or breath hydrogen measurements. These authors looked at the urinary excretion of monosaccharides and lactose in different conditions. In their study the percentage of urinary lactose was significantly increased both in subjects with lactose intolerance and in celiac sprue patients compared with controls. However in CD patients, the slight urinary percentage increase was not significantly different from that of normals, while in UC patients there was significantly less lactose excreted (237) .
There may be another theoretical reason to consider lactose maldigestion in CD. In most conditions of lactose intolerance, symptoms may be modified by reducing the rate of delivery across the ileocecal valve. Indeed, foods that retard intestinal transit may be better tolerated (238, 239) . The use of loperamide, which retards intestinal transit, has been shown to reduce symptoms of lactose intolerance (240) . In children with active CD, a marked (two-to sixfold) increase in oral cecal transit time was demonstrated, which improved in remission (241) . In the study of Mishkin et al (232) the transit time measured during lactose breath hydrogen was faster than expected for controls. Because undigested lactose should increase intestinal transit (reduced time), the above noted discrepancy should be evaluated further. Mishkin et al suggested that true lactase insufficiency or bacterial overgrowth could not be addressed by their study.
SUMMARY AND CONCLUSIONS
This review attempts to link some epidemiological and pathogenic features of CRC and IBD, primarily to emphasize possible similar environmental predisposition to these diseases. The link is based on similar geographic distribution even to the extent of existing common origin clusters (such as in central Europe) and a possible parallel shift in incidence with changing economics. In both groups of diseases, genetic predisposition, possible environmental exposure and lower intestinal bacterial ecology likely play important pathogenetic roles. As well, the integrity of the mucosal protective mechanisms is disturbed in those with IBD. However, host reactions may differ significantly at different times of life. In the case of CRC, progressive genetic alterations lead to increasing loss of control of cellular proliferation. Depending on which system is affected -the familial adenomatous polyposis family of chromosomal alterations, mismatch repair gene alterations or phenotype of lipoprotein E -the ultimate cancer site is determined. In IBD, different immunological abnormalities are incurred in CD and UC. The recurrent bouts of attacks may be determined by host factors, inability to reign in abnormal immune cascades or environmental factors that certainly include infections, external medications such as nonsteroidal anti-inflammatory drugs, or antibiotics and, in some, diet or other unknown toxins. The CRC and IBD colitides again converge in chronic cases where progressive loss of control of colonocyte proliferation abetted by IBD leads to early neoplasia.
Within the context of colonic environmental influences, we reviewed some of the existing literature on the impact of diet and its interaction with colonic microflora on the diseases under discussion. Specifically we also reviewed the possible impact of dairy consumption and tried to draw similarities between the effects of lactose and other disaccharides with fibre.
The conclusions drawn from this review regarding the role of fibre and dairy products in CRC and IBD are that their benefits are not clearly proven. In CRC, however, high fibre likely has a protective effect. In IBD the effects are less evident and controversial. Possible site-specific benefits, such as in 'colon only' disease, have not been well defined. Similarly, there are limited studies on the effects of individual fibres (eg, wheat bran).
In CRC the impact of dairy consumption may be confused by three intervening biases: a possible dose effect of calcium; the amount of sun exposure of study subjects; and the level of colonic bacterial/metabolic adaptation in studies emanating from regions of heterogeneous populations. In addition, fermented dairy products with live lactobacillus may have independent benefits.
In IBD dairy consumption may be instrumental in initiating or propagating disease in a segment of patients. With the exception of patients with small bowel CD, however, lactose maldigestion or intolerance is not likely increased in IBD patients beyond ethnic expectations. Importantly, the role of dairy consumption in CRC formation in IBD has not been explored.
It seems clear that colonic environmental changes can trigger CRC, IBD or CRC in IBD. The events leading to disease initiation need not be different in these diseases. After all, 20 years ago no one considered that peptic ulcer, gastric carcinoma and some gastric lymphomas may be etiologically linked to the same infectious agent. Currently, the predominant view is that control of colonic ecology by manipulating bacteria or bacterial metabolism has some benefit in controlling these diseases.
To this end, all three disaccharides -lactulose (242), lactitol and lactose (in lactose maldigesters) and lactobacilliare candidate substances for clinical trials in IBD colitides and CRC. Future studies should evaluate a possible dietetic role in familial polyposis syndromes, any protective effect against CRC in IBD and a maintenance role in IBD colitides. In conjunction, studies could also evaluate the possible value of monitoring fecal beta-galactosidase levels as an indicator of CRC risk or as a predictor of IBD relapse.
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